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Disruption of the distal tibiofibular syndesmosis in ankle fractures is common and usually results from an external rotation injury. In up to 13% of all ankle fractures and in 20% of patients requiring internal fixation, there will be an associated injury to the syndesmosis \[[@CR1]--[@CR4]\]. It is commonly agreed that adequate reduction of ankle fractures reduces late osteoarthritis. However, evaluating syndesmotic stability in ankle fractures is still a subject of debate as it is unclear when to stabilize an injured syndesmosis \[[@CR5]--[@CR12]\].

The value of MRI in acute and chronic syndesmotic injuries has been described in several articles, and the axial image is known to be the most useful image plane \[[@CR13]--[@CR17]\]. However, imaging in the axial plane can result in false-positive findings \[[@CR14], [@CR18]\] since the anterior and posterior distal tibiofibular ligament run in an oblique plane \[[@CR19], [@CR20]\]. Several studies reported that the most commonly injured and reliably visualized anterior tibiofibular ligament on MRI might not be seen in its entire length on one single transverse image and a partially imaged ligament may be mistaken for a tear despite careful observation of contiguous slices \[[@CR16], [@CR21], [@CR22]\]. A recent study demonstrated that the anterior and posterior syndesmotic ligaments are better depicted and that the integrity of the ligaments can be better evaluated in an oblique image plane of about 45° when compared to the axial plane \[[@CR23]\]. Therefore, this prospective study evaluated the additional value of an oblique MRI scan plane for assessing the anterior and posterior distal tibiofibular syndesmotic ligaments in patients with an acute ankle fracture.

Materials and methods {#Sec2}
=====================

The data were collected and analyzed from 44 consecutive patients with an acute ankle fracture who underwent a radiograph as well as an MRI in both the standard three orthogonal planes and in an additional oblique plane. In the 44 patients, the fracture distribution according to Lauge-Hansen was 59% supination external rotation (SE), 5% pronation external rotation (PE), 25% supination adduction (SA), 9% pronation adduction (PA), and 2% pronation dorsiflexion (PD). The mean age of the patients was 36 years and ranged from 16 to 61 years; 25 were men and 19 were women. In 24 patients the injury involved the left and in 20 the right ankle. In 16 patients the fracture was treated with an open reduction and internal fixation (ORIF), with a setscrew placed in 4 patients.

Written informed consent was obtained, and the study was approved by the institutional review board. Inclusion criteria were an acute ankle fracture that had occurred within 48 h and closure of the growth plates. Exclusion criteria were associated neurological or vascular injuries, fractures associated with a hindfoot or midfoot fracture, a former trauma of the ankle, contraindications for MRI, and an insufficient knowledge of the Dutch language.

Radiographs obtained at presentation included AP, lateral, and mortise views. The fractures on the radiographs were classified according to Lauge-Hansen (Table [1](#Tab1){ref-type="table"}) by a radiologist with 11 years experience in musculoskeletal radiology (J.H.). Table 1The Lauge-Hansen fracture classification describes the mechanisms of ankle fractures based on the position of the foot at the time of injury and the direction in which the talus moves within the ankle mortise. It defines both the bony and ligamentous injury. The following five groups of ankle fractures can be discerned: supination adduction, supination eversion, pronation abduction, pronation eversion, and pronation dorsiflexion. Depending on the degree of severity, the main groups can be further divided into stagesType of injury (foot position/direction of force)PathologySupination adduction1) Transverse fracture fibula at or distal to the level of the tibiofibular joint/tear of collateral ligaments2) Vertical, oblique fracture of the medial malleolus/tear of the deltoid ligamentSupination eversion (external rotation)1) Disruption of the anterior tibiofibular ligament or an avulsion of its tibial attachment (Tillaux fracture) or fibular attachment2) Spiral, oblique fracture of the distal fibula. The fracture line runs from proximal posterior to distal anterior at a variable distance from the tibiotalar joint3) Disruption of the posterior tibiofibular ligament or fracture of the posterior malleolus4) Fracture of the medial malleolus or rupture of the deltoid ligamentPronation abduction1) Transverse fracture of the medial malleolus or rupture of the deltoid ligament2) Rupture of the anterior and posterior syndesmotic ligaments or avulsion fracture of their insertion(s)3) Short, oblique fracture of the fibula 0.5--1 cm above the distal articular surface of the tibiaPronation eversion (external rotation)1) Transverse fracture of the medial malleolus or disruption of the deltoid ligament2) Disruption of the anterior tibiofibular ligament. The ligament may avulse its tibial attachment (Tillaux fracture)3) High oblique, spiral fibular fracture. No fracture is less than 2.5 cm above the tibiotalar joint. The fracture pattern runs from proximal anterior to distal posterior. The fibula may fracture proximally at the neck (Maisonneuve fracture)4) Rupture of posterior tibiofibular ligament or avulsion fracture of the posterolateral tibiaPronation dorsiflexion/pilon fracture1) Fracture of the medial malleolus2) Fracture of the anterior margin of the tibia3) Supramalleolar fracture of the fibula4) Transverse fracture of the posterior tibial surface

MRI was performed on a 1.5 T Gyroscan (Philips, Best, the Netherlands) with a wrap-around ankle coil (E1 coil). The foot was kept in a fixed (neutral) position and stabilized with sandbags or a plaster. Dual TSE images (TR = 3,500--4,500 ms; TE = 11 ms; TE = 120 ms; echo train length = 14) were performed in three orthogonal planes, i.e., axial, coronal, and sagittal, and in an additional 45° oblique plane. The oblique image plane was defined in the coronal and sagittal views (Fig. [1](#Fig1){ref-type="fig"}). In the coronal view the 45° angle of the oblique plane was related to the tibial plafond and ran in a caudal-cranial and lateral-medial direction through the distal fibula. In the sagittal view the direction of the oblique plane ran parallel to a line along the inferior border of the anterior and posterior tibia. All series were performed with a 512 × 512 matrix. The field of view was 18--20 cm for coronal and sagittal imaging, and 12--15 cm for axial and oblique imaging. The slice thickness of the images was 3.0 mm (gap 0.3 mm) with an NSA of 2. A STIR, i.e., a short tau inversion recovery image (TR = 1,460 ms; TE = 15 ms; echo train length = 14), was performed in the coronal plane, with a field of view of 18--20 cm, a slice thickness of 4 mm (gap 0.4 mm), and a 256 × 256 matrix. Fig. 1Coronal (**a**) and sagittal (**b**) MR images, which indicate the 45° oblique image plane for the anterior and posterior distal tibiofibular ligament. In the coronal plane, the angle of 45° is related to the tibial plafond. In the sagittal view, the direction of the oblique plane runs parallel to a line along the inferior border of the anterior and posterior tibia

The MR images were independently analyzed by two radiologists with 11 and 31 years of musculoskeletal experience (J.H., A.G.). They were blinded to the results of the radiographs. The majority of the patients were examined with MRI on the day of injury. All were examined within 10 days of injury, and five patients were examined postoperatively.

The anterior and posterior syndesmosis consist of the ligaments and their tibial and fibular attachment sites. We first evaluated these two aspects of the syndesmosis separately and then combined these findings, as this coincides with clinical practice regarding syndesmotic injury. On MRI the syndesmotic ligaments, i.e., the anterior and posterior distal tibiofibular ligament, were evaluated in both the axial and oblique planes and assigned a score: 0 = normal, 1 = thickened, 2 = partially ruptured, or 3 = completely ruptured. A normal distal tibiofibular ligament consisted of multiple continuous thin fibers interspersed with normal high signal intensity fat on dual TSE-weighted images. In a thickened ligament the continuous fibers were thickened, not sharp and the signal intensity of fat was intermediate on dual TSE-weighted images. A complete rupture was defined when the ligament was either discontinuous or invisible or showed increased signal intensity with fluid in the ligament on T2-weighted TSE images. In a partially ruptured ligament the discontinuity was not complete \[[@CR16], [@CR18], [@CR20], [@CR23], [@CR24]\]. The presence of a bony avulsion, both anteriorly and posteriorly, was also assigned a score: 0 = no avulsion, 1 = tibial avulsion, 2 = fibular avulsion, 3 = avulsion of both tibial and fibular tubercle. Anteriorly this classification was according to Wagstaffe. Posteriorly a fracture of the malleolus tertius, irrespective of its size, was defined as an avulsion.

The findings of the distal tibiofibular ligament in combination with the presence of a bony avulsion were combined into the overall presence of anterior or posterior syndesmotic injury: 0 = normal syndesmosis, i.e., normal ligament without bony avulsion; 1 = thickened syndesmosis, i.e., thickened ligament without bony avulsion; 2 = partially ruptured syndesmosis, i.e., partially ruptured ligament without bony avulsion; 3 = completely ruptured syndesmosis, i.e., ruptured ligament without a bony avulsion or an intact ligament with a bony avulsion.

The interobserver agreement was determined by the kappa score (κ) (poor agreement 0.00--0.20, fair 0.21--0.40, moderate 0.41--0.60, good 0.61--0.80, very good 0.81--0.90, excellent 0.91--1.00). In case of ordinal scores, i.e., the aspect of the ATIFL and PTIFL, a weighted kappa score was determined. The Wilcoxon signed rank test was used to compare the axial and oblique scan planes regarding the aspect of the ATIFL and PTIFL, and the overall injury scores of anterior and posterior syndesmotic injury. The McNemar test was used to compare the axial and oblique scan planes regarding the presence of an avulsion fracture. The sensitivity and specificity for detection of syndesmotic injury were determined when MRI findings were compared with Lauge-Hansen. A two-sided *p*-value less than 0.05 was considered as significant. Statistical analysis was performed with Stat (version 11.0; Statacorp., College Station, TX, USA).

Results {#Sec3}
=======

The κ values regarding the aspect of the ATIFL were 0.61 and 0.92 for the axial and oblique image planes, respectively, with AS of 84 and 91% (Table [2](#Tab2){ref-type="table"}). The κ scores regarding the presence of a tibial or fibular avulsion fracture of the ATIFL were 0.71 and 0.84 for the axial and oblique image planes, respectively, with AS of 91 and 95%. Table 2Interobserver agreement (κ) and agreement score \[AS (%)\] between the axial and oblique MRI planes regarding the aspect of the anterior (ATIFL) and posterior (PTIFL) distal tibiofibular ligaments, the presence of a tibial or fibular avulsion fracture, and overall presence of anterior or posterior syndesmotic injury. *P*-values refer to comparison between the axial and oblique planesATIFLPTIFLAxialOblique*p*AxialOblique*p*κAS (%)κAS (%)κAS (%)κAS (%)Ligament0.61840.9291\<0.0010.83840.8691\<0.001Avulsion0.71910.84950.500.83930.83911.00Syndesmosis0.48840.8186\<0.0010.79800.8389\<0.001

Compared to the axial plane, the oblique plane demonstrated lower injury scores in 45% (20/44) and equal injury scores in 55% (24/44) for the ATIFL (*p* \< 0.001) (Fig. [2](#Fig2){ref-type="fig"}). Nine patients showed an avulsion fracture anteriorly. The presence of a tibial or fibular avulsion of the ATIFL was not significantly different in the axial and oblique planes (*p* = 0.50). Anteriorly, 2/3 patients with a tibial and 5/6 patients with a fibular avulsion fracture showed injury of the ATIFL in the axial plane, whereas in the oblique plane none of the avulsion fractures were associated with injury of the ATIFL (Figs. [3](#Fig3){ref-type="fig"}, [4](#Fig4){ref-type="fig"}). Fig. 2Axial (**a**) and oblique (**b**) proton density TSE (turbo spin echo) images. In the axial plane (**a**), the multifascicular ATIFL (*1*) is discontinuous, while in the oblique plane (**b**) the fascicles of the ATIFL are intact. In both planes the PTIFL (*2*) is intact. *T* Tibia, *F* fibula, *Ant* anteriorFig. 3Axial (**a**) and oblique (**b**) proton density TSE (turbo spin echo) images. In the axial plane (**a**), the ATIFL (*1*) is discontinuous. There is a large avulsion fragment from the anterior tibial tubercle (*2*). In the oblique plane (**b**), the intact ATIFL is attached to the tibial avulsion fracture. This is an example of a Wagstaffe type I fracture (or Chaput-Tillaux fracture) with an intact ATIFL. *T* Tibia, *F* fibula, *Ta* talus, *Ant* anteriorFig. 4Axial, oblique, and sagittal proton density TSE (turbo spin echo) images. In the axial plane (*upper left*), the ATIFL (*1*) is discontinuous. In front of the fibula lies an avulsed fibular fragment (*2*). In the oblique plane (*lower left*), the continuous ATIFL (*1*) is attached to the fibular avulsion (*2*). On the sagittal image (*right*), the avulsion fracture from the anterior tubercle of the fibula is just visible above the obliquely running fibula fracture. This is a type II Wagstaffe fracture: a fibular avulsion fragment attached to an intact ATIFL. Posteriorly the PTIFL (*3*) is ruptured in the axial plane (*upper left*). In the oblique plane (*lower left*), the intact PTIFL (*3*) is attached to a slip of periost from the posterior malleolus (*4*). *T* Tibia, *F* fibula, *Ant* anterior

The kappa for the aspect of the PTIFL was 0.83 and 0.86 for the axial and oblique image planes, respectively, with AS of 84 and 91% (Table [2](#Tab2){ref-type="table"}). The kappa regarding the presence of a tibial or fibular avulsion fracture of the PTIFL was 0.83 for both the axial and oblique image planes, with an AS of 93% for both planes.

Compared to the axial plane, the oblique plane demonstrated lower injury scores in 62% (27/44) and equal injury scores in 36% (16/44) for the PTIFL (*p* \< 0.001). In 2% (1/44), the injury score in the oblique plane was higher than in the axial plane. Eleven patients showed an avulsion fracture posteriorly. The presence of a tibial or fibular avulsion of the PTIFL was not significantly different in the axial and oblique planes (*p* = 1.00). Posteriorly there were only avulsion fractures of the tibia and none of the fibula. In 6/11 patients with a posterior tibial avulsion, the PTIFL was injured in the axial plane but not in the oblique plane (Fig. [5](#Fig5){ref-type="fig"}) Fig. 5Axial (**a**) and oblique (**b**) proton density TSE (turbo spin echo) image. **a** Posterolateral oblique fracture of the posterior malleolus (*1*) with a discontinuous PTIFL (*2*) in the axial plane, but with an intact PTIFL in the oblique plane (**b**). In both planes, the ATIFL (*3*) is ruptured. *T* Tibia, *Ant* anterior

Findings of ligament integrity and the presence of an avulsion fracture were combined to determine overall anterior or posterior syndesmotic injury. The kappa regarding anterior syndesmotic injury was 0.48 and 0.81 in the axial and oblique image planes, respectively, with AS of 84 and 86%. The oblique image plane demonstrated significantly less anterior syndesmotic injury than the axial plane (*p* \< 0.001). Regarding posterior syndesmotic injury, the kappa was 0.76 and 0.79 for the axial and oblique image planes, respectively, with an AS of 75 and 79%. The oblique image plane showed significantly less posterior syndesmotic injury than the axial plane (*p* \< 0.001).

We compared the overall anterior and posterior syndesmotic injury as found on MRI with syndesmotic injury as defined by the Lauge-Hansen fracture classification on the radiograph (Table [3](#Tab3){ref-type="table"}). In 14 patients, Lauge-Hansen predicted absence of injury of the anterior syndesmosis, whereas MRI demonstrated absence of injury in 1 patient in the axial plane and in 12/14 patients in the oblique plane. In 30 patients Lauge-Hansen predicted presence of injury of the anterior syndesmosis, which was shown in 30 and 28 patients in the axial and oblique planes, respectively (Table [3](#Tab3){ref-type="table"}). Compared to Lauge-Hansen, this resulted in a sensitivity and specificity of 100 and 7%, respectively, for the axial plane, and of 93 and 86% for the oblique plane for detection of anterior syndesmotic injury. Table 3Anterior and posterior overall syndesmotic injury on MRI, i.e., injury to distal tibiofibular ligament or avulsion fracture, in the axial (Ax) and oblique (Obl) image planes, related to the Lauge-Hansen (LH) fracture classification on the radiograph. Normal and thickened ligament (0/1) and partial and ruptured ligament (2/3) are grouped togetherMRILH anterior injuryLH posterior injuryAbsentPresentAbsentPresentAxOblAxOblAxOblAxObl0/1112021425242/313230281541311

In 29 patients Lauge-Hansen predicted absence of injury of the posterior syndesmosis, whereas MRI demonstrated absence of injury in 14 patients in the axial plane and in 25 patients in the oblique plane (Fig. [6](#Fig6){ref-type="fig"}). In 15 patients Lauge-Hansen predicted presence of injury of the posterior syndesmosis, which was shown in 13 and 11 patients in the axial and oblique planes, respectively (Table [3](#Tab3){ref-type="table"}). Compared to LH, this resulted in a sensitivity and specificity of 87 and 48%, respectively, for the axial planes, and of 73 and 86% for the oblique plane for detection of posterior syndesmotic injury. Fig. 6Axial (*upper left*) and oblique (*lower left*) proton density TSE (turbo spin echo) image. AP (*upper right*) and lateral (*lower right*) radiograph. A local swelling at the level of the distal fibula is visible on the AP radiograph. The lateral radiograph shows an oblique fracture in the distal fibula. According to Lauge-Hansen this is a supination-external rotation type 2 fracture (SE2). In the axial plane (*upper left*), the ATIFL (*1*) and PTIFL (*2*) are both discontinuous. In the oblique plane (*lower left*), the ATIFL is also discontinuous, but the multifascicular PTIFL is intact. The fracture line through the fibula is visible in both planes. *T* Tibia, *Ant* anterior

Discussion {#Sec4}
==========

Our study population consisted of 44 consecutive patients with an acute ankle fracture. The fracture distribution was in keeping with other studies with reported fracture rates by Lauge-Hansen type as follows: SE 42--72%, PE 7--22%, SA 6--20%, and PA 5--21% \[[@CR25]\].

Many clinical and radiographic tests have been suggested to diagnose a disruption of the syndesmosis. Clinical tests include the squeeze test, Cotton test, exorotation stress test, and fibula translation test, but these are not reliable when syndesmotic injury is associated with an ankle fracture because of the pain, swelling, and dislocation \[[@CR26]\]. Radiologically the syndesmosis can be evaluated with a radiograph, ultrasound, CT, or MRI. Several authors have argued that a radiograph has limited value in the assessment of syndesmotic integrity \[[@CR27]--[@CR29]\]. Stress radiographs with the foot in external rotation may demonstrate the diastasis but is rarely used in clinical practice \[[@CR30]\]. Ultrasound can clearly depict a torn tibiofibular ligament in the acute stage but is less accurate after time has elapsed, and the results are dependent on the skills of the radiologist \[[@CR31]\]. With the use of CT, widening of the mortise exceeding 3 mm can reliably be assessed, as well as gross deformity or malreduction \[[@CR32]--[@CR34]\].

The value of MRI in acute and chronic syndesmotic injuries has been described in several articles. Vogl et al. performed contrast-enhanced MRI in patients with acute ankle trauma and clinical suspicion of a syndesmotic tear, in which a tear of the ATIFL was markedly enhanced in T1-weighted images \[[@CR16]\]. Muratli et al. used MR arthrography in the first few days after injury to demonstrate leakage of contrast into the tibiofibular space as a sign of syndesmotic diastasis \[[@CR35]\]. Schneck et al. paid attention to the position of the ligaments paraxial to the imaging plane and concluded that axial imaging with the foot in full dorsiflexion provided optimal views of the anterior and posterior tibiofibular ligaments \[[@CR17]\].

However, imaging in the axial plane can result in false-positive findings \[[@CR14], [@CR18]\] as the anterior and posterior distal tibiofibular ligaments run in an oblique plane \[[@CR19], [@CR20]\]. Several studies reported that the most commonly injured and reliably visualized anterior tibiofibular ligament on MRI might not be seen in its entire length on one single transverse image and a partially imaged ligament may be mistaken for a tear despite careful observation of contiguous slices \[[@CR16], [@CR21], [@CR22], [@CR24]\]. Boonthathip et al. showed in cadavers that oblique image planes parallel to the long axis of the ligament better display the normal anatomy of the tibiofibular syndesmotic ligaments when compared with standard imaging planes \[[@CR36]\]. Hermans et al. demonstrated in a recent study in healthy volunteers that the ATIFL and PTIFL are better depicted and that the integrity of the ligaments can be better evaluated in an oblique image plane of about 45° than in the axial plane \[[@CR23]\]. We therefore imaged the ATIFL and PTIFL with an additional 45° oblique plane and compared this with the commonly used axial plane.

The interobserver agreement (κ) and agreement score \[AS (%)\] regarding injury of the ATIFL and PTIFL were good to excellent in both the axial and oblique image plane (κ 0.61--0.92, AS 84--91%). For both ligaments the oblique image plane demonstrated significantly lower injury scores than the axial plane (*p* \< 0.001). In a recent study of Hermans et al. in 20 healthy volunteers, as well as in this study with 44 patients with an acute ankle fracture, the oblique image plane resulted in fewer false-positive findings.

The κ and AS regarding the presence of a fibular or tibial avulsion fracture were good to excellent in both the axial and oblique image planes (κ 0.71--0.84, AS 91--95%). There was no significant difference in detection of an avulsion fracture in the axial or oblique planes, neither anteriorly (*p* = 0.50) nor posteriorly (*p* = 1.00). In the axial plane in 2/3 patients with a tibial avulsion and 5/6 patients with a fibular avulsion, injury of the ATIFL was detected, whereas in the oblique plane the bony avulsion was present without a rupture of the ATIFL.

In 1875 Wagstaffe was the first to describe two cases of an avulsion fracture from the anterior tibiofibular ligament \[[@CR37]\]. In case of a Wagstaffe fracture combined with a lateral malleolar fracture, the ATIFL avulsion fragment was classified as type I, II, or III. Type I is a displaced avulsion fracture of the distal end of the tibia and is very rare. The most commonly occurring type is type II, which is a fracture of the anterior spike of the proximal fibular fragment. Type III is a fracture of the anterior tubercles from both the tibia and fibula and is also very rare \[[@CR38], [@CR39]\]. In our study we found 7/44 patients with a type II Wagstaffe fracture on MRI but not on the radiograph. If the surgeon can reduce the avulsed fragment properly and obtain stable fixation, direct bone-to-bone union can be achieved, inducing more physiologic healing of the syndesmosis. Park et al. described one case in which the Wagstaffe fracture was displaced into the joint and caused chronic ankle pain and restricted joint motion \[[@CR38]\]. Nelson described 18% fibular avulsions (Wagstaffe type II fractures) and 8% tibial avulsions (Wagstaffe type I or Chaput-Tillaux fractures) in a series of 50 transmalleolar fractures. In some cases the avulsed fragment did wedge the joint open \[[@CR9]\]. A Wagstaffe fracture can be easily overlooked because of a fracture hematoma or torn capsule or if it is covered by an intact extensor retinaculum. Therefore careful examination of the anterior syndesmosis area is necessary after fixation of the lateral malleolar fracture.

Posteriorly we only found avulsion fractures of the tibia and no avulsion fractures of the fibula. In 6/11 patients with a tibial avulsion, the PTIFL appeared to be ruptured in the axial plane and was shown to be intact in the oblique plane. Generally speaking, when an avulsion fracture occurs, the ligament attached to the avulsion remains intact. Therefore our findings in the oblique image plane were concordant with this generally accepted statement. This finding has important implications for treatment of unstable ankle fractures. In case of a fracture of the distal posterior tibia with an intact PTIFL, syndesmotic stability can be achieved by fixation of the posterior malleolus fragment without the use of a syndesmotic screw \[[@CR40]\]. An additional value of MRI is information about the exact size, location, and orientation of the posterior malleolus fracture. This may help the surgeon in choosing the surgical approach to the fragment \[[@CR41]\].

Injury of the anterior or posterior distal tibiofibular syndesmosis can be either a rupture of the distal tibiofibular ligament or a bony avulsion from either the fibula or tibia. The κ value regarding injury of the anterior syndesmosis was moderate (κ = 0.48) for the axial plane and very good (κ = 0.81) for the oblique plane, although the AS for both planes was good (84 and 86%, respectively). Discrepancy between the percentage agreement and κ value can be explained by the skewed distribution of categories in our study. In these cases, κ is known to have poor properties as an index for measuring agreement \[[@CR42]\]. The κ and AS for posterior syndesmosis injury were very good.

To further substantiate our data, we compared our findings at MRI with the Lauge-Hansen fracture classification, as with this classification it is possible to predict injury to the anterior and posterior syndesmosis. For the oblique MRI plane, the specificity increased for both anterior (to 86% from 7%) and posterior (to 86% from 48%) syndesmotic injury when compared to the axial plane. This means a substantial decrease in false-positive diagnoses of the ATIFL and PTIFL. Although we do not know if the Lauge-Hansen fracture classification allows an anatomically correct diagnosis, it is likely that the oblique images are closer to the diagnosis than the axial images.

Several studies focused on the position of the foot during imaging in order to evaluate the ankle ligaments. The best full-length visualization of the ATIFL and PTIFL would be obtained in the axial plane, with the foot taped into full dorsiflexion \[[@CR15], [@CR17]\]. As it is difficult to obtain a position of full dorsiflexion in a patient with an acute ankle fracture, we maintained the foot in a neutral position. It is hard to imagine what influence the foot in dorsiflexion would have on imaging in the axial plane of the obliquely running ATIFL and PTIFL. With dorsiflexion the only effect on the ligaments would be an increased tension, as the talus pushes the fibula outwards. It therefore seems more likely that the angle of the image plane rather than the position of the foot plays a more important role in depicting the syndesmotic ligaments. This concept is confirmed in the current study, in which the oblique plane showed a decrease in false-positive findings, especially regarding injury of the ATIFL. This finding is the more relevant as, until now, the ATIFL was the most reliably visualized syndesmotic ligament in an axial MRI. Thus, MRI could help in selecting patients for an open reduction with internal fixation (ORIF) in case of suspicion of syndesmotic injury in an acute ankle fracture.

One shortcoming of our study was that, due to logistical problems, it was not possible to obtain a preoperative MRI in 5/44 of patients. However, in the patients with a plate and screws, the quality of the MR image was still good, and the ATIFL and PTIFL as well as the presence of a tibial or fibular avulsion could be well evaluated (Fig. [7](#Fig7){ref-type="fig"}). Secondly, we did not have an invasive technique, such as arthroscopy, available to confirm our MRI findings. However, in our opinion it would not be ethical to perform an ankle arthroscopy in patients who could be treated with only a plaster. Moreover, our study population now comprises both patients with and without syndesmotic injury, which therefore reduces the selection bias that would occur if only operated patients were included. In the latter case, the a priori chance of syndesmotic injury would have been very high. Fig. 7Axial (**a**) and oblique (**b**) proton density TSE (turbo spin echo) images. Posterior tibial periost slip (*1*) with a discontinuous PTIFL (*2*) in the axial plane (**a**) and an intact PTIFL in the oblique plane (**b**). In both planes the ATIFL (*3*) is ruptured. Although there is a screw present in the fibula (*4*), the quality of the MR image is still good and the tibiofibular ligaments can be well evaluated. *T* Tibia, *F* fibula, *Ant* anterior

In conclusion, our results show the additional value of an oblique MR image plane for detection of injury of the anterior and posterior distal tibiofibular syndesmoses in acute ankle fractures. More accurate information about the tibiofibular syndesmosis could lead to a better treatment plan, resulting in fewer complaints of chronic syndesmotic injury or even early osteoarthritis.

Conclusion {#Sec5}
==========

Our results show the additional value of an oblique MR image plane for detection of injury of the anterior and posterior distal tibiofibular syndesmosis in acute ankle fractures. The 45° oblique MRI plane demonstrated significantly less ligamentous injury than the axial planes, for both the ATIFL and PTIFL. Findings of syndesmotic injury in the oblique MRI plane were closer to the diagnosis as assumed based on the Lauge-Hansen classification than in the axial plane. With more accurate information, the surgeon can better decide when to stabilize syndesmotic injury in acute ankle fractures.
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